Abstract: Longleaf pine (Pinus palustris) forest ecosystems evolved with short-interval, low intensity fires. Fire suppression has reduced or eliminated fire and has caused extensive changes in plant community composition and structure. The National Fire and Fire-Surrogate study was implemented to evaluate effects of alternative habitat treatments, such as herbicide application and mechanical thinning, and to compare them with effects of prescribed fire. We evaluated how treatments influenced the nesting success of birds breeding in 10-ha plots of longleaf pine at Solon Dixon Experimental Forest, Alabama. We measured daily rates of nest mortality for 432 nests of 33 species in unmanipulated (controls), burned, herbicide-treated and burned, thinned, and thinned and burned plots during the three years of our study. Although we accumulated observations of 6,624 days that nests were exposed to possible predation, sample sizes were still too small to permit robust statistical analyses of treatment effects. Data from one (Eastern Towhee, Pipilo erythrophthalmus) of two species with the largest sample sizes suggested that nests in treatment plots experienced higher rates of mortality than did nests in control plots, but sample sizes were still small enough that high estimates of variance prevented strong statistical evaluation. Nest survival for the other common species, Northern Cardinal (Cardinalis cardinalis), showed no such suggestive differences. We present results from all nests of all species for which we found three or more nests so that future researchers can use the data during meta-analyses. We also encourage those designing future similar studies to consider expanding the size of study plots so that at least the most numerous open-cup nesting birds can be found in sufficient numbers for strong statistical analyses. In longleaf pine forests of southern Alabama, we estimate that minimum plot sizes would need to be 50 ha for the two most common species, Eastern Towhee and Northern Cardinal.
INTRODUCTION
Longleaf pine forests now occur in less than 5% of their former range across the southeastern United States [1] . In large part, losses were caused by timber harvest, clearing for agriculture, and conversion to woodland dominated by other tree species. Some of this conversion has resulted from suppression of historical fire cycles. Natural low intensity ground fires, typically ignited by lightning or set by Native Americans every two to 8 years [2] [3] [4] , controlled the community structure of longleaf pine forests and maintained a park-like appearance with low cover of understory shrubs, widely spaced large trees, and a rich forb and grass community. In the absence of fire, vegetation density increased dramatically over time, leading to continuous ground cover, thickets of shrubs and an understory of deciduous tree species, which elevated connectivity of fuels and increased risk of catastrophic fires [5] . Because of this greater fire risk and the desire to preserve the rich vascular plant community and other species characteristic of longleaf pine forests, managers have sought methods to manipulate vegetation structure and composition while minimizing risks associated with burning [6] . Two major alternatives, mechanical thinning of understory vegetation and application of herbicides, have been considered. Neither, however, mimics the primary natural disturbance agent, fire. Thus, managers have worried that thinning and herbicides might reduce particular components of longleaf pine forests but fail to create conditions suitable for restoring populations of desired species.
The national Fire and Fire Surrogate Study was designed to evaluate ecological effects of habitat treatments such as mechanical thinning, prescribed burning and combinations of those treatments [7, 8] . Ecological effects include responses of wildlife to habitat alteration caused by treatments. Although we know birds respond numerically to changes in habitat characteristics, we know less about effects of such changes on demographic rates. The rate at which birds successfully fledge young from their nests is positively correlated with reproductive success, a primary demographic parameter, and can be estimated by monitoring nests. We sought to quantify nesting success of songbirds in longleaf pine forests exposed to fire and fire surrogate treatments. To do so, we compared nest survival among treatments and unmanipulated controls.
MATERIALS AND METHODOLOGY
Study area. Our study was at the 2100-ha Solon Dixon Experimental Forest, near Rome, Alabama (N 31° 9' 05" and W 86° 41' 9"). The forest is dominated by longleaf pine. The primary woody understory species is yaupon holly (Ilex vomitoria), but gallberry (Ilex glabra) and huckleberry (Vaccinium spp.) are also common. The site receives approximately 150 cm of rain per year.
Experimental treatments were applied in a complete randomized block design with three blocks of 5 treatments each. The 15 plots were each approximately 10 ha and gridded with metal posts every 50 m. Treatments included: 1) Prescribed burn during growing season; 2) Thin; 3) Thin plus growing season burn; 4) Herbicide application plus growing season burn; and 5) Untreated control. We had no true pre-treatment data on nest predation rates because the first treatments were applied in early spring of 2002. However, untreated control plots were included. In the strictest sense, the control plots did not have constant conditions because vegetation structure does change over time because of growth or other responses to climatic variation during the study, but compared with treatment plots, conditions in the unmanipulated plots varied relatively little. The control plots had not experienced fire or other treatments for at least 10 years prior to the study. Dates of treatments varied depending on weather and other factors ( Table 1) . Burned and thinned and burned treatments were burned twice, once in 2002 and once in 2004, to maintain influence of recent fire throughout the study. Herbicide and burned plots were exposed to fire only once. Treatments. Growing season prescribed fires were low intensity and low severity. They were applied with several techniques, including spot fire, back fire, and flanking [9, 10] , to burned, thinned and burned, and herbicided and burned plots. Thinning aimed to reduce basal area of trees in thinned and thinned and burned plots to 11.5-13.8 m 2 /ha. Hardwoods, loblolly pine (P. taedus), spruce pine (P. glabra), and slash pine (P. elliottii) were targeted for removal. Plots receiving herbicide application were sprayed with backpack sprayers so that understory (up to 2 m tall) woody vegetation except longleaf pine could be targeted. An herbicide with 4.5% Garlon 4 TM (triclopyr; Dow AgroSciences, Calgary, Alberta) and Timberline 90 TM (UAP Timberland, Monticello, AR) was applied during the fall. Each plot treated with herbicide was then burned the following spring. Additional details are in [5] .
To our knowledge, quantification of the vegetation characteristics in the control and treated plots has not been published yet. We summarize here the qualitative changes we observed in the plots. Density of canopy trees was relatively equal across all plots and was largely unaffected by the treatments, although there may have been some delayed mortality after treatments were burned. However, few of our nests were cavity nests, so effects of delayed tree mortality are relatively unimportant here. The strongest effect on vegetation was on the understory. All treated plots had 95% or more of the understory shrubs removed. The shrub layer was nearly completely removed in all burned plots, leaving only skeletons of some shrubs. Thinning reduced the density of trees less than 10-cm dbh and the shrub layer, leaving piles of coarse woody debris scattered throughout thinned plots. These piles were burned in the thinned and burned plots. Overall, treatments had a strong effect by reducing understory vegetation density, but a small effect on canopy trees.
Finding and monitoring nests. We found bird nests, primarily in the understory, in each plot from late March through July, 2002-2004. Each plot was searched intensively at least 8 times per season and effort was allocated so that all plots received approximately equal search time. In addition, all plots were visited at least every 4 days to monitor active nests, during which time additional nests were often discovered. When we discovered nests, we marked their locations with flagging tape 5 to 20 m from the nest sites to facilitate monitoring. We visited nests every 3 to 4 days, depending on the stage of the nesting cycle. Visits were sometimes more frequent near stage changes, such as expected dates of hatch. When monitoring nests, we regularly approached from different directions to reduce chances of creating trails predators might follow to nests. All plots were thoroughly searched, which also reduced the chances of any reward to predators by following human scent trails. We noted clutch size, number of cowbird eggs, and number and identity of young at each visit. Nests above 2 m were checked with the aid of mirror attached to a pole.
Data analyses. Not all species occurred in all plots, especially after treatments were applied. Treatments affected abundances of birds (Robinson and Rompré, unpubl. data), so sample sizes of nests were uneven across plots.
Methods of statistically comparing nest predation rates across treatments require sample sizes larger than we found in our study plots. For robust analyses, sample sizes per species need to be approximately 40 or more. Population densities in longleaf pine forests are simply too low and the plots too small (10 ha) in this study to allow discovery of 40 nests for any bird species. Despite these challenges, information on the nest predation rates of birds is valuable to managers as they weigh strategies for habitat management. Therefore, we present summaries of data for the two most abundant species nesting in the Dixon study plots, but do not present statistical comparisons of nest predation rates. We also present summaries of the raw data for all the other species for which we found at least 3 nests during the study. By presenting data in this manner, we provide the opportunity for others to extract information necessary for future meta-analyses of treatment effects on bird reproductive success in longleaf pine forests.
RESULTS
We found and monitored 482 nests of 33 species during the three years ( Table 2 The two species for which we found the largest numbers of nests were Eastern Towhee and Northern Cardinal ( Table  2) . Both species built cup nests in shrubs, although some Eastern Towhees also nested on the ground. Sample sizes ranged from 1 to 18 per plot per year for Eastern Towhees and from two to 14 for Northern Cardinals. Daily mortality rates were highly variable even across years. The patterns of annual variation appeared to share the same general trend in the two species except in control plots. However, because sample sizes of nests were low, variance of estimates were high, so evidence of annual variation is statistically weak. Likewise, evidence of treatment effects was weak. With the exception of the thinned plots, where all Eastern Towhee nests survived to fledge in two of the three years, data suggest that daily mortality rates in the treated plots were higher than those in the untreated controls, but these are only apparent trends, not statistically robust differences. Northern Cardinal nests showed no such trends.
DISCUSSION AND CONCLUSIONS
Small sample sizes of nests prohibited robust statistical comparisons of treatment effects on avian nesting success. Although data suggested that towhee nests in treated plots experienced higher daily mortality rates than nests in control plots, the effect was probably minor and was too small to be evaluated effectively with statistical approaches commonly employed in these types of studies. If predation rates are related to degree of nest concealment in our study landscape, then it is possible that nests in control plots do experience lower rates of predation. Understory vegetation in control plots was dense, providing abundant cover in which to hide nests of understory birds such as towhees and cardinals. In contrast, understory vegetation in treated plots was sparser but towhees and cardinals continued to nest in those plots, even placing their nests in leafless yaupon hollies that had burned during treatments.
Predation rates, if driven in part by visibility of nests, ought to be greater in situations where burns have exposed nest sites, even if small sample sizes did not provide enough power to detect statistically significant patterns across treatments. However, such risk depends on the responses of predators to the habitat changes. Jones et al. [11] found lower use of burned longleaf pine forests by raccoons (Procyon lotor), a common predator of songbird nests in the southeastern United States. Raccoons used unmanipulated plots more often, suggesting that nests in those plots might be at greater risk to predation even if nests there are better concealed by vegetation. In a comparison of predation rates and predator identity in unmanipulated plots and plots where middle-sized mammalian predators were removed from longleaf pine forests in Georgia, Conner et al. [12] found no treatment effect and discovered that snakes, corvids, and fire ants were the most important predators instead of raccoons. We did not know identity of nest predators at Solon Dixon, but we saw evidence of predation by fire ants only a few times. Snakes were regularly encountered, as were Blue Jays (Cyanocitta cristata). Currently, the effect of the habitat treatments on predator abundance at Solon Dixon is unknown.
Recommendations for minimum sample sizes of nests per treatment and per year have started at twenty [13] , but more recent work argues that a minimum of forty nests provides better estimates of variability among plots [14] . Rates of predation on nests of open-cup nesting songbirds are typically variable enough even within habitats and within a breeding season that sample sizes need to be large to capture the variation.
To meet such sample size requirements depends on effectiveness at discovering nests, on population density of each species, on re-nesting rates, and on plot size. The two species providing the largest sample sizes in our study, Eastern Towhee and Northern Cardinal, both occurred commonly in all plots and their open-cup nests were easy to find. We did not have individually marked birds in our plots so we could not ascertain what fraction of nests were re-nests following a loss to predators. However, based on the numbers of nests we discovered in the 10-ha plots, we can estimate that, if we were to use traditional methods for analyzing treatment effects on nest predation rate, we would need to increase the number of nests by four to five times to reach 40 nests per plot in controls and by ten times in the treatment with the smallest sample sizes, plots that experienced herbicide and fire. This would mean, all else being equal, that study plots would need to be a minimum of 100 ha for effective analyses of just the two most common species.
Researchers are often more interested in species of special concern and will use information from common species as surrogates only if data on the species of special interest are unavailable. In longleaf pine forests, the primary species of special concern whose nesting success might be affected by fire and fire surrogate treatments are Redcockaded Woodpecker (Picoides borealis) and Bachman's Sparrow (Aimophila aestivalis). Red-cockaded Woodpeckers were not found in any of our study plots. Bachman's Sparrows were not found in any plot prior to treatments, but colonized two plots after prescribed fire and produced young in at least one of the plots. We did not find nests of Bachman's Sparrows in the burned plots, but data from nearby Conecuh National Forest indicate that sites burned during the growing season had the highest sparrow population densities and that, if all nests were found in an area with the highest densities of breeding pairs, plots would need to be a minimum of 80 ha to produce 40 nests [15] . Yet, Bachman's Sparrows nearly disappear completely from sites that remain unburned for 6 or more years, so comparisons of treatment effects could be even more challenging. In summary, longleaf pine ecosystems do not support great densities of songbirds [16] , so use of traditional methods to compare nesting success across treatments will always be challenging unless treated areas can be very large, on the order of 100 ha or more.
Besides designing studies that use larger plots, if managers wish to understand effects of treatments on avian nesting success, the best way forward is likely to be through meta-analyses that utilize data gathered at multiple sites. Such meta-analyses can only be accomplished if data are published and presented in ways that allow effective harvesting of the information for further analyses. We encourage researchers to publish their results when possible so that data can be discovered and analyzed by interested researchers. That desire was the motivation behind this special issue and publication of other nesting success data from the fire-fire surrogate study [17, 18] . Alternatively, data can be archived in repositories such as the Avian Knowledge Network. However, extensive meta-data and associated materials, akin to what would be included in a peer-reviewed publication, should be provided so that those conducting meta-analyses may have enough information to interpret the archived data accurately.
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APPENDIX 1
Sample sizes of nests of most species were too small to allow statistical evaluations of treatment effects. To facilitate future meta-analyses, we report sample sizes of nests (n), number of nests failing to fledge young, and total exposure days of nests in the plots at Solon Dixon Experimental Forest, Alabama 
